Guanosine 3'-Monophosphate, Copper(II) Complex, Phosphate-only Binding, X-ray {[Cu3(3'-GMP)2(3'-GMPH)2(H20)5] • 7 H20}" (1) was isolated from an aqueous solution of Cu(N03)2 and guanosine 3'-monophosphate at a pH of 4.4. 1 is monoclinic space group C 2 with a = 29.140(7), b = 6.865(5), c = 16.980(7)Ä, ß = 90.31(3)°, Z = 2, Dc = 1.81 g -cm-". The structure was refined to R -0.065 with i?w = 0.060 for 2642 independent reflections. It is disordered about a crystallographic diad axis with one of the copper atoms Cu(2) sited on this axis. This and the other independent copper atom Cu(l) both display square pyramidal geometries. Cu(l) binds N(7) of a guanine base, two phosphate O atoms of nucleotide molecules not symmetry-related to one another and two water oxygens. The guanine base involved in this coordination adopts a syn-conformation relative to the ribose ring with = -118.5°. Cu (2) is coordinated by four phosphate O atoms of different nucleotide molecules and one water oxygen. The second guanine base, which is not involved in metal binding, displays the anZi-conformation relative to the ribose ring.
Introduction
Binding studies of transition metal cations to purine nucleotides are of considerable current interest [2, 3] , However, with the exception of one ternary Cu(II) complex of guanosine 3'-monophosphate (3'-GMP) [4] , these investigations were until 1980 restricted to complexes of 5'-nucleotides. We have now extended the fund of characterised structures to include a binary Cu(II) complex of guanosine 2'-monophosphate (2'-GMP) [5] , a binary Ni(II) complex of guanosine 3',5'-cyclic monophosphate (3',5'-cGMP) [1] and ternary Cu(II) complexes of ATP [6, 7] and ADP [7] . In the present paper we present the preparation and first structural characterisation of a binary transition metal complex of a 3'-nucleotide, namely {[Cu3(3'-GMP)2(3'-GMPH)2(H20)5]-7H20}" (1) .
Purine nucleotides contain three characteristic ligating regions which are capable of metal binding: (1) the heterocyclic ring N atoms and the exocyclic functional groups of the base, (2) the phosphate 0 atoms and (3) the hydroxyl 0 atoms of the ribose moieties. Direct coordination of the purine base nitrogen N(7) has been observed for all metal cations in previously characterised binary cornReprint request to: W. S. Sheldrick, Fachbereich Chemie der Universität Kaiserslautern, Erwin-Schrödin-ger-Straße, D-6750 Kaiserslautern. 0340-5087/83/0100-16/S 01.00/0 plexes. In Cu(II) and Zn(II) complexes of 5'-nucleotides, which are polymeric, this metal-N (7) binding is augmented by direct metal-oxygen bonds to the phosphate groups of one or more neighbouring nucleotide molecules. Contrastingly such metalphosphate binding is absent in {[Cu(2'-GMPH)2(H20)3] • 5H20}n for which, however, metal-ribose binding to 0(5') is observed. We may now report a further novel mode of metal coordination in the polymeric Cu(II) complex of 3'-GMP (1). In this structure one of the three Cu(II) cations in the structural unit is square pyramidally coordinated by four different phosphate groups and by one water molecule.
Of the four available base nitrogens N(7) in the structural unit only two are involved in metal binding -to the remaining two Cu(II) cations. This is to our knowledge the first recorded example of "phosphate-only" binding of a transition metal in a binary complex of a purine nucleotide.
Experimental

Preparation of {[CU3(3'-GMP)2(3'-GMPH)2(H20)5]
• 7 H20}n (1) A solution of 0.20 g of Cu(N03)2 • 3 H20 in 3 ml of H20 was added to a solution of 0.29 g of the sodium salt of 3'-GMP (Sigma Chemical Co) in 5 ml of H20. A green gelatinous precipitate which formed immediately was redissolved by addition of 0.1 N HCl to give a clear solution of pH 4.4. This was left to stand in a closed vessel. Fine green needles were allowed to grow over a period of circa 3 months until a single crystal large enough for an X-ray analysis was available. The remaining crystals were filtered off and washed with water and methanol. Microanalysis was performed by Beller (Göttingen). C4oH6ON2O037P4Cu3 • 7 H20 Calcd C 25.9 H 4.0 N 15.1, Found C 26.0 H 3.6 N 14.6.
X-ray structural analysis of 1
Crystal and refinement data for 1 are summarised in Table I . Preliminary oscillation and Weissenberg photographs indicated that the space group was monoclinic C2. Reflection data were collected with graphite-monochromated CuKa radiation {X -1.54178 Ä) in the 0-2 0 mode for one half of reciprocal space up to 20max = 130°. Empirical absorption corrections based on azimuthal scan data were applied to the intensities. 5827 recorded reflections were merged to yield 3162 independent reflections Table I . Crystal and refinement data for 1. of which 2642 were regarded as observed [Fo 2 > 2.0a (Fo 2 )]. The internal consistency index for equivalent reflections was 0.077. The structure was solved by Patterson and difference syntheses and refined by blocked full-matrix least-squares. For the monoclinic space group C2 one of the copper atoms Cu(2) must be sited on a crystallographic diad axis and the structural unit must be disordered about this axis. The nature of the disorder is depicted in Fig. 1 . Those atoms which are not underlined display site occupation factors of 0.5 and all occupy either the positions depicted in Fig. 1 or the symmetry related positions generated by the operation of the diad axis on which Cu (2) is sited. The guanine bases of both 3'-GMP molecules A and B and the ribose moiety of 3'-GMP molecule A with the exception of 0(5') are not disordered. Difference syntheses calculated using the complete data set for a non-disordered arrangement in the triclinic space group PI confirmed the presence of the disorder and refinement was completed in the space group C2. Anisotropic temperature factors were introduced for all atoms with the exception of 0 (5') Table II lists the final atom coordinates for 1, with equivalent isotropic temperature factors Ueq = 1/3 Si£jUijai*aj*äi • äj for all atoms except 0(5') and C(5') of 3'-GMP molecules B and B' respectively. Standard numbering has been employed for the nucleotide atoms*. OW (4) OW (5) OW (6) OW (7) OW (8) 0.4664 (6) 0.0488 (6) (6) 44 (8) 53 (9) (8) 47 (8) 150 (19) 113 (16) 173 (25) 147 (20) 107 (7) 42 (7) 0(5)' and C(5)" of 3'-GMP molecule B were refined isotropically. OW(8) has a site occupation factor of 1.0, the remaining unbound water oxygens 0.5. independent copper atoms Cu(l) and Cu (2) is square pyramidal. Cu(l) binds N(7) of the 3'-GMP molecule A and phosphate oxygens 0(31) of a symmetry related molecule A and of 3'-GMP molecule B. The coordination is completed bv two water oxygens OW(l) and OW(2) of which 'the latter adopts the axial site in the square pyramid. A detailed analysis of the bond lengths and angles is precluded by the nature of the disorder. Indeed differences in the bond distances from Cu(l) to the disordered atoms 0(31) and 0W (2) indicate that this copper atom may adopt two different positions, which must, however, be so close to one another that they cannot be distinguished in difference syntheses. Attempts to refine two different positions for Cu(l) with Cu(l)-0 distances to equivalent substituents tied to be equal to one another w ere not satisfactory and were abandoned. The following final bond lengths were obtained: Cu(l)-N(7) 1.998(6), Cu(l)-0W (1) Phosphate-only binding of a metal cation in a binary complex of a purine nucleotide has not to our knowledge previously been observed. An example is known for an binary complex of a pyrimidine nucleotide, namely [Co2(5'-UMP)2(H20)4]2 [9] . In this case, however, the uracil base does not possess a non-protonated base nitrogen and metalbase binding would have to place through an exocyclic carbonyl oxygen.
3-GMPA
The 3'-GMP molecules A and B display different conformations at the glycosidic bond C(l')-N ( 
